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CANOPY HOT SPOT EFFECT
2
the hotspot region represents the most information-rich directions in BRF
o sunlit and shaded leaves
o foliage size and shape
o crown geometry and within-crown foliage arrangement
o leaf physiology
BRFs that include the hot spot region are critical to monitor phenological
changes in dense vegetation such as equatorial forests 
sharp peak in retro-solar direction 
Photo by Mat Disney, NERC CTCD, UK, 2005
MOTIVATION
3
 generate hot spot signatures of different land cover types 
globally for the period of concurrent Terra/Aqua/VIIRS 
and DSCOVR EPIC data;  
 demonstrate its value for monitoring changes and 
biophysical processes in tropical forests  
 monitoring dense forests represents the most complicated case in optical remote sensing 
because reflection of solar radiation saturates and becomes weakly sensitive to vegetation 
changes 
 the satellite data are strongly influenced by changing sun-sensor geometry. This makes it 
difficult to discriminate between vegetation changes and sun-sensor geometry effects 
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MEAN MISR BRF OVER AMAZONIAN FORESTS
http://www.nesdis.noaa.gov/DSCOVR/mission.html
to monitor the constant stream of the solar wind and provide notice of activity 
that could generate solar storms, which in  turn could  disrupt radio 
communications, electrical grids, satellite operations and air travel 
http://epic.gsfc.nasa.gov/
Land Cover Type
does not look as theory predicts
cannot approximate by solutions of RTE using physical parameters




to monitor the constant stream of the solar wind and provide notice of activity 
that could generate solar storms, which in  turn could  disrupt radio 
communications, electrical grids, satellite operations and air travel 
http://epic.gsfc.nasa.gov/
VARIATION OF MISR BRF OVER AMAZONIAN FORESTS
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http://www.nesdis.noaa.gov/DSCOVR/mission.html
to monitor the constant stream of the solar wind and provide notice of activity 
that could generate solar storms, which in  turn could  disrupt radio 




Forests are similar in 
March and June
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Widespread decline of Congo rainforest greenness 
in the past 2000-2012 decade 
Zhou L, Tian Y, Myneni R, Ciais P, Saatchi S, Liu Y, Piao S, Chen H, Vermote E, Song C, Hwang T. Widespread decline 
of Congo rainforest greenness in the past decade. Nature, 2014, 509(7498): 86-90.
 MODIS (C5) EVI declined  over 92% of the study area, with 
39% showing a significant  negative trend (P<0.1)
 TRIMM precipitation declined over 76% of the area (15% 
with P<0.1) 
 QSCAT Canopy Backscatter Anomaly (CBA) declined over  
85% of the area (29% with P<0.1)
Estimates are for April-May-June, the first of two rain and peak 
growing seasons
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MISR LAND SURFACE PRODUCT (F08_0023)
MISR Surface Reflectance data do not show 
widespread decline of Congo rainforest greenness 
in the past 2000-2012 decade
Angular signatures of the area showing a significant precipitation 
trend are same in 2000 and 2012     











2000 - 2002  June , SZA  = 32.65  ± 0.93




Widespread decline of Congo rainforest greenness 
in the past decade “disappears” in C6 MODIS data
51% (trend < 0)  5% (trend < 0 and P < 0.1)
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45% (trend < 0)  2% (trend < 0 and P < 0.1)
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43% (trend < 0)  3% (trend < 0 and P < 0.1)
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 MODIS (C6) EVI declined  over 45% of the study area, with 
2% showing a significant  negative trend (P<0.1)
 MODIS (C6) NDVI declined over 51% of the area (5% with 
P<0.1) 
 MODI (C6) LAI declined over  43% of the area (3% with 
P<0.1)
o Calibration problem in MODIS reflectance data
o MODIS sensor degradation after 2007 in Collection 5 dataset
Wu A, Xiong X, Doelling D R, et al. Characterization of Terra and Aqua MODIS VIS, NIR, and SWIR spectral bands' 
calibration stability. IEEE Transactions on Geoscience and Remote Sensing, 2012, 51(7): 4330-4338.
Wang D, Morton D, Masek J, et al. Impact of sensor degradation on the MODIS NDVI time series. Remote Sensing of 
Environment, 2012, 119: 55-61.
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DECOMPOSITION
𝝏𝝏𝝏𝝏𝝏𝝏𝝀𝝀 = 𝑫𝑫𝝏𝝏𝑺𝑺𝝏𝝏 ∙ 𝑾𝑾𝝀𝝀  
= X
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RECOLLISION AND ESCAPE PROBABILITIES
𝑫𝑫𝝏𝝏𝑺𝑺𝝏𝝏 =
𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞




 Sun-tracking surface BRF that accumulates 
observations over phase angles was introduced
 Its parameterization naturally accounts for the MISR 
observation geometry
 Enables the rigorous use of the radiative transfer 
theory to unambiguously monitor and quantify changes 
in vegetated surface
 Conveys more information about surface properties as 
compared with conventional mean BRF
 Provide basis for generating hot spot signatures from 
synergy of MISR/MODIS and DSCOVR EPIC 
observations
